Introduction
============

Neoadjuvant therapy (NAT), also known as primary systemic treatment, has been increasingly used in recent years as first-line treatment for operable breast cancer (BC), not only as a management strategy but also as a research tool. The advantages of this approach are the early use of a systemic treatment, with potential tumor downstaging, higher rates of breast-conserving surgery, and in vivo testing of tumor response to a chosen chemotherapy regimen.

The pathologic complete response (pCR) is considered a surrogate marker of efficacy for NAT, providing an approximate measure that correlates with long-term outcomes.[@b1-ott-9-4351]

A recent pooled analysis by Cortazar et al[@b2-ott-9-4351] established the association between pCR and long-term outcomes in terms of event-free survival and overall survival (OS). In this pooled analysis, the association between pCR and long-term outcomes was strongest in patients with more aggressive tumor subtypes, namely, hormone receptor-negative/human epidermal growth factor receptor 2 (HER2)-positive and triple-negative breast cancers (TNBC).[@b2-ott-9-4351] HER2 is overexpressed and/or amplified in 15--20% of BC, and it is associated with an aggressive clinical course of the disease.[@b3-ott-9-4351],[@b4-ott-9-4351] Trastuzumab has represented a major breakthrough in the treatment of metastatic and adjuvant HER2-positive BC. In the neoadjuvant setting, large clinical trials were conducted to evaluate the association of trastuzumab with different cytotoxic chemotherapeutic agents.[@b5-ott-9-4351]--[@b7-ott-9-4351] Taxanes are a standard component of adjuvant chemotherapy regimens for patients with both node-positive or high-risk node-negative BC,[@b8-ott-9-4351]--[@b10-ott-9-4351] and are commonly used as sequential regimens. Nanoparticle albumin-bound paclitaxel (nab-paclitaxel) is a solvent-free formulation of paclitaxel that avoids the risk of hypersensitivity reactions commonly observed with solvent-based taxanes (ie, paclitaxel and docetaxel) and the need of premedication. The dose of 260 mg/m^2^ administered intravenously over 30 minutes every 3 weeks is approved for the treatment of BC after failure of combination chemotherapy for metastatic disease or relapse within 6 months of adjuvant chemotherapy. The use of nab-paclitaxel in NAT has been preliminary evaluated in phase II studies with different regimens.[@b11-ott-9-4351]--[@b13-ott-9-4351] Recently, the phase III GeparSepto trial showed that nab-paclitaxel in the neoadjuvant setting significantly increased pCR rates compared with solvent-based paclitaxel in all patient subgroups, in particular, in TNBC and in HER2-positive BC, combined with trastuzumab and pertuzumab.[@b14-ott-9-4351]

Herein, we report a pCR after neoadjuvant treatment with the trastuzumab/nab-paclitaxel combination in a locally advanced HER2-positive BC patient.

Case presentation
=================

A 65-year-old Caucasian woman, with a family history of BC, referred to our institution in May 2015 after casual checking of a lump in the left breast. Written informed consent of the patient and approval of Comitato Etico Interaziendale of the Province of Messina were obtained for the present case. The mammography scan revealed a radiopaque solid infiltrative lesion in the upper-inner quadrant of 35 mm diameter, with irregular margins and multiple microcalcification clusters. Two additional deep located lesions of \~17 and 12 mm were also found in the upper-inner quadrant and mid-upper quadrant, respectively ([Figure 1](#f1-ott-9-4351){ref-type="fig"}). Ultrasound imaging confirmed the presence of a 30 mm hypoechoic lesion with irregular margins and microcalcifications in the context, with additional two lesions (15 and 10 mm) peripherally and evidence of multiple pathological axillary lymph nodes with a maximum diameter of 22 mm.

Ultrasound-guided breast biopsy revealed an invasive carcinoma of no special type with the following biological characteristics: estrogen receptor negative, progesterone receptor negative, Mib-1\>50%, and HER2 immunohistochemistry 3+. A computed tomography scan and a bone scintigraphy excluded the presence of distant metastases: stage IIIB (cT4N2M0). Serum tumor markers were within normal range of local laboratory: carcinoembryonic antigen (CEA) 5.1 ng/mL (0--4 ng/mL), cancer antigen 125 (CA 125) 8 U/mL (1.5--35 U/mL), cancer antigen 15-3 (CA 15-3) 29 U/mL (0--38 U/mL).

According to the disease stage, biomolecular characteristics of the tumor, and comorbidities (insulin-dependent diabetes mellitus type 2), the patient started neoadjuvant treatment with weekly trastuzumab (4 mg/kg loading dose followed by 2 mg/kg maintenance dose) and weekly nab-paclitaxel 125 mg/m^2^ for 12 weeks, with no relevant hematological and non-hematological toxicities. In September 2015, after the completion of neoadjuvant treatment, the radiological workup with mammography ([Figure 2](#f2-ott-9-4351){ref-type="fig"}) and breast ultrasound documented a complete response with persistence of only microcalcifications and small reactive axillary lymph nodes. Serum tumor markers were within normal range of local laboratory: CEA 3.8 ng/mL, CA 125 7 U/L, CA 15--3 27 U/L.

Then in October 2015, she underwent conservative surgery plus homolateral axillary lymphadenectomy. The pathology review showed normal mammary gland tissues, without evidence of BC cells, and absence of metastases in lymph nodes, consistent with response to treatment and indicating pCR. After breast-conserving surgery, the patient underwent radiotherapy in the left residual breast and then was started on therapy with only adjuvant trastuzumab. The last serum tumor markers were within normal range of local laboratory: CEA 4.3 ng/mL, CA 125 7 U/L, CA 15--3 25 U/L.

Discussion
==========

Neoadjuvant therapy is a well-established approach for the treatment of locally advanced or inflammatory BC.

Recently, the neoadjuvant setting has been emerging as a promising research tool in BC, providing an excellent platform for clinical development of novel anticancer agents, and an extraordinary source of tumor tissues for the study of tumor heterogeneity and the identification of novel predictive biomarkers and mechanisms of resistance to anticancer agents.

pCR has been adopted in neoadjuvant trials as a major endpoint, and correlates with both disease-free survival (DFS) and OS. An increasing body of evidence suggests the prognostic importance of pCR after neoadjuvant chemotherapy in TNBC and hormone receptor-negative/HER2-positive subsets. pCR is considered a potential surrogate marker of response to NAT and for long-term outcomes. Clinical studies in the neoadjuvant setting have shown that patients achieving pCR after neoadjuvant therapy have longer OS and DFS compared with women with residual disease.[@b2-ott-9-4351]

HER2 is overexpressed and/or amplified in 20% of BC and confers a more aggressive behavior, with a poor clinical outcome.[@b3-ott-9-4351],[@b4-ott-9-4351]

Trastuzumab is a humanized recombinant monoclonal antibody directed against the extracellular domain of HER2, and trastuzumab-based therapy is firmly established as the standard of care for patients with HER2-positive BC, demonstrating survival benefit in both metastatic[@b15-ott-9-4351] and early BC.[@b16-ott-9-4351]--[@b19-ott-9-4351]

Several randomized phase III trials with chemotherapy and trastuzumab have been reported in the neoadjuvant setting, showing that the addition of anti-HER2 inhibition to primary chemotherapy is associated with a higher pCR rate compared with chemotherapy alone (38--65% vs 19--26%).[@b5-ott-9-4351]--[@b7-ott-9-4351]

Recently, several trials have investigated the role of dual HER2 blockade in combination with chemotherapy in the neoadjuvant setting, showing that the combination of trastuzumab with other anti-HER2 agents is associated with a more complete HER2 signaling pathway inhibition. The combination of trastuzumab and lapatinib, an oral dual tyrosine kinase inhibitor, has been associated with a higher pCR rate compared with trastuzumab or lapatinib alone (47--60% vs 25--49%).[@b20-ott-9-4351]--[@b22-ott-9-4351]

Moreover, the combined administration of trastuzumab and pertuzumab, a recombinant humanized monoclonal antibody that binds with the extracellular dimerization domain II of HER2, prevents the heterodimerization of HER2 with other HER family members and increases the pCR rate (46--66% vs 29%) compared with trastuzumab alone in two phase 2 trials.[@b23-ott-9-4351],[@b24-ott-9-4351]

More recently, in the prospective, randomized, phase 3 GeparSepto trial, nab-paclitaxel, a solvent-free, human albumin-stabilized formulation of paclitaxel, significantly increased pCR rate compared with solvent-based paclitaxel followed by epirubicin plus cyclophosphamide in primary early BC in all patient subgroups, with a major advantage among TNBC and HER2-positive BC (in the subtype HER2 positive in combination with trastuzumab and pertuzumab). The subgroup analysis of this study showed that patients with high Ki67 benefit more from the nab-paclitaxel treatment, underlying the particular chemosensitivity of these tumors.[@b14-ott-9-4351] These data are in line with the activity seen in the present case. However, long-term follow-up of this study is needed to confirm whether the higher pCR rate will translate into longer DFS and OS.

The nab-paclitaxel plus trastuzumab combination has been evaluated in first-line metastatic BC in two phase II studies, reporting an interesting antitumor activity in HER2-overexpressing tumors.[@b25-ott-9-4351],[@b26-ott-9-4351]

Recently, we reported the efficacy of the trastuzumab/nab-paclitaxel combination in a heavily pretreated HER2-positive BC patient with brain metastases.[@b27-ott-9-4351]

The pCR reported in the present case with the Trastuzumab and nab-Paclitaxel combination in a locally advanced HER2-positive patient underlines the efficacy and good safety profile of this combination in the neoadjuvant treatment HER2-positive disease. The activity seen in the present case might be related to the different mechanisms of action of these two agents and likely to a synergistic effect, even though in vitro studies might help to better clarify the biological consequences of this combination in BC cell lines.

The improved clinical activity seen with this combination does not significantly affect the safety profile of NAT, as demonstrated in the present case, with no significant early and late toxicities, in terms of hypersensitivity reactions, cardiotoxicity, and neurotoxicity. Moreover, the replacement of solvent-based taxanes and the subsequent avoidance of premedication have inherited advantages for patients with comorbidities, such as insulin-dependent diabetes mellitus type 2, as with our patient.

In conclusion, the nab-paclitaxel plus trastuzumab combination may be a valid option in the neoadjuvant treatment of HER2-positive breast cancer.
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